In this paper we present a counterfactual evaluation of the effect of ICT resources at school on student achievements conducted in Italy. In 2009 156 classes at 6 th grade were endowed with additional resources earmarked for purchasing ICT equipments only. By selecting an equivalent number of classes in the same schools we are able to conduct an evaluation of the causal effect of ICT on student achievements, controlling for their initial level. Despite a significant financial investment (in the order of 1500 Euros per student over a three year period), results are very small: if we take the most encouraging results, the average improvement associated to the programme would be 3 test points, corresponding to 17% of a standard deviation. Even if it might be argued that our estimate represents a lower bound for the real effect, overall we conclude that the intervention has been far from being cost effective.
Introduction
The introduction of IC technologies within schools may have significant repercussions in teaching. For example Balanskat et al. (2006) offer a review of 25 studies existing in the European context at that date. However the limited number of experimental studies makes it difficult to reach consensus on the causal impact of this technology, not to speak of the channels through which this is achieved. Several aspects contribute to the lack of a shared view. First of all, the standard requirements for proper randomised trials are rarely satisfied, since teachers and students spontaneously react to the non-contamination principle: schools are living bodies, and any novelty tends to be shared with mates. Second, different teaching contents are differently adaptable to computerised technologies, mainly because they do require different learning strategies. Consequently, in the same class some subjects may exhibit significant improvements in achievements while others remain unaffected. Third, the access to new technologies is heterogeneous across pupils, being correlated to the availability of analogous resources at home. All taken into account, it is not surprising to find different result in the (limited) literature existing on the topic.
In this paper we present empirical evidence on an specific experiment conducted in Italy on 156 lower secondary schools (grades 6 to 8), where a significant amount of money (30k Euros) were earmarked for ICT acquisition to the benefit of a single class (20-25 pupils) within the school. We match the 156 treated classes to an equivalent number of control classes within the same school and analyse the potential effect of a massive injection of ICT onto student achievement, measured by literacy and numeracy tests (taken at the entrance and three years later at the exit of lower secondary school). We find no effect of the treatment at the mean of the distribution, but some positive effects in the lower tail. The paper is organised as follows: the next section contains a literature review, while the third section presents our evaluation design. The fourth section introduces the proper counterfactual analysis, while the fifth concludes.
Literature review
The potential consequences of computer-aided teaching and/or learning are increasingly investigated. Balanskat et al. (2006) review distinguishes between assessments and impact evaluations, on two main areas: learning outcomes and learners on one side, and teaching methodologies and teachers on the other. Their overall account suggests positive effects on learning in primary school (more in home language and science, less compelling in mathematics), though part of these qualitative effects are drawn from teachers and/or parent perceptions. In this perspective, the vast majority of teachers record an increase in attention and motivation. 1 On the teacher side, there are indications of increased enthusiasm and motivation; at a deeper level, there is also perception of a changing role in connection with the students. 2 There is an increasing literature reporting local experiments of randomised supply of home computers to students accompanied by assessment of the effects on learning. For example Fairlie and Robinson (2013) evaluate the outcome of a field experiment involving the provision of free computers to low-income schoolchildren (between grade 6 and 10) for home use in California. Possibly because of the recorded increase in computer hours spent on games and social networks, they find no evidence that the home computers improved educational outcomes for the treatment group. Similarly Beuermann et alt. (2013) account for the impact of distributing home computers to primary school children in Peru (plan OLPC-one laptop per child). While their focus was on estimating spill-over effects through friendship networks (indirect effects), they find increased use of home computers, with some substitution away from computer use outside the home. Beneficiaries are more likely to complete domestic chores but less likely to read books. However the overall average effect on test scores is found to be nil.
Likewise Fairlie and London (2012) analyse the impact of free supply of computers for home use to low-income students attending community colleges in Northern California. They find a weakly positive effect on the two year following career of being selected for receiving a computer (intention to treat), even taking into account the fact that a fraction of non winner bought a new computer during the following two years of observation period. They rationalise these effects on the ground of increased flexibility in time use, showing that the effect is increasing in the distance from the campus (which represents the best alternative for computer use).
Stronger positive effects are found when computers are distributed to schools, in some cases also allowing children to bring computers at home after class hours. While originally Angrist and Lavy (2002) did not find statistically significant effects of computer-aided instruction (which requires the expansion of computer availability in classes) onto student test scores, Barrow et al (2009) produced evidence that the introduction of instructional computer software was effective in raising the algebraic skills. In the same vein Machin et al. (2007) found that random changes of ICT funding across schools produces an improvement in primary school achievements in literacy (but not in numeracy). Counterintuitive results are found in Vigdor and Ladd (2010) who show that using across-ZIP code variation in the timing of the introduction of high-speed internet service, the introduction of home computer technology is associated to modest but statistically significant and persistent negative impacts on student math and reading test scores, which they interpret as the outcome of widening achievement gaps by socio-economic status.
When considering developing countries, Barrera-Osorio et al. (2009) did not find effect on student test scores of randomised distribution of free computers to schools in Colombia, accompanied by teacher training. Using teachers and student surveys, they argue that the lack of impact is attributable to the failure to incorporate the computers into the educational process. Similarly Cristia et al. (2012) do not find significant effect on literacy and numeracy achievements of the One Laptop per Child (OLPC) among randomly selected primary schools in (rural) Peru. 3 Ferrando et al. (2012) consider the randomised distribution of computers to schools in Uruguay (Plan Ceibal), finding a positive impact on math test score of 6 th graders. 4
Moving from increased availability of computers to increased availability of internet access does not help to shed light on the issue of potential causal impact of ICT: Goolsbee and Guryan (2006) studies the impact of public subsidy on school demand for internet connection, finding a significant elasticity, without any detectable spill-over effect of student tests. On the contrary, Hyland et al (2013) find that government programme providing broadband access to primary schools in Ireland is associated with higher average mathematics scores on standardised tests.
Even if we restrict our analysis to computer use in schools, we do not identify a consensual view on the impact of computer in student learning, for the number of factors to be held under control is large. Previous papers differ in a) pre-existing conditions (diffusion of ICT technologies -and more specifically computers and internet connections -at school as well as at home); b) availability of computers (for teachers and/or for students); c) availability of teaching software; d) availability of teacher training; e) availability of internet connections. These dimensions can be considered as educational production inputs, which are likely being characterised by partial complementarity. Since no paper can control all inputs at the same time, it is rather likely that finding (or not finding) statistically significant effect may depend on the joint variations of more than one input at the same time. We should also not neglect that self-selection into computer use by schools and/or by school averages makes any estimate of impact potentially biased.
In the present paper it is easier to isolate potential channels of influence, since others were prevented by design. As it will be clearer in the next paragraph, the additional funding was restricted to acquisition of hardware for students and/or teachers (thus purposely excluding teachers support and training, software and internet connection, which were pre-conditions for applying for funds). On the other hand, a weakness of this intervention relies in the possibility of acquisition of any IC technology, introducing heterogeneity of the treatment.
The other relevant feature one should keep in mind to interpret the results is the nationwide context of limited familiarity with IC technology. In facts, despite being high in the GDP per capita rankings, Italy is characterised by limited diffusion of ICT, both at home and in schools. According to TIMSS 2007 database (reported in Eurydice 2011) the percentage of 4 th graders using computers at school was 63% (60% for 8 th graders), while corresponding figures for UK students are 86% and 79%. When corresponding teachers were asked whether they had ever used a computer in science classes, 40% of Italian teachers in 4 th grade (and between 58% and 63% in 8 th grade) provided a negative answer (corresponding figures for UK teachers are lower by at least 20 points). Thus by the time of the experiment, Italy was a country with large margins for expanding the use of ICT in teaching.
The Cl@ssi 2.0 program and the design of the impact evaluation
Cl@ssi2.0 is a line of intervention launched in 2008 by the Italian Ministry of Education to foster ICT adoption in teaching. It is a large scale experiment, meant to modify learning environment and to diffuse new teaching experiences. It provided a large grant to buy ICT to 156 Italian classes at the beginning of 6 th grade (the initial year of junior high school) they make use of up to the end of 8 th grade (the final year of junior high school). The experiment was repeated at a lower scale in primary and upper secondary school in subsequent years, and then abandoned because high costs and lack of evidence on being effective.
In 2008 a call was sent to all Italian lower secondary schools. Conditions for eligibility of the school were the presence of broad-band connection, the internal approval of a project leaded by a certified ICT-trained teacher under a permanent contract. The projects were referred to a specific class within the school. 2361 schools reacted to the call and applied, and 156 of them (corresponding to the funds availability) were selected, respecting a regional stratification.
Schools within which treated classes has been chosen were not randomly selected by the 20 regional committees. We could not gain access to the minutes of the selection process but there is evidence that the selected schools are not representative of the pool of applicant schools (see below some evidence supporting this view). At the beginning of the following school year 2009/10 the classes identified by the 156 selected schools were entitled to receive an amount of 30.000 Euros (approximately 40.000 US dollars) to be spent in IC technology only (training and maintenance expenses were not admissible). The size of the grant is far from negligible to most of the schools included in the program (the median value of the grant as a proportion of total yearly resources available to the school is about 10%).
According to the original protocol, researchers in the field of education from local universities were in charge of coaching the selected classes to develop new teaching practices. In practice, some classes in few regions received the visit of university researchers, but field surveys we conducted over the three year periods indicate that most of the sampled classed did not receive external supervision. 5
Thanks to the support of two private foundations (Fondazione Giovanni Agnelli and Fondazione per la scuola) we ran an impact evaluation of the program. A control group has been defined as made up of one additional class in each school selected into the project. The school principals were required to identify as control classes those as similar as possible to the classes receiving the funding ("choose the second class you would have chosen, had the first not been chosen"). The only alternative strategy we could envisage was selecting control classes in schools not involved in the Cl@ssi 2.0 program (for example not applying to the call, or not selected despite having applied). Both strategies have pros and cons. The strategy of having treated and control classes in the same school is prone to the risk of contamination: control classes might gain some benefits from the ICT bought by the treatment classes, something that by design could not happen following the latter strategy. On the other hand, the latter strategy is likely to incur in a severe selection bias problem driven by student sorting across schools by social origins, a problem unlikely to be properly dealt with conditioning only on the bunch of school and student characteristics we were able to collect at the benchmark survey. On balance, we deemed that selecting controls in the same schools as treatment units was the best choice. At the same time we explicitly included in the monitoring system on the implementation of the program some tools to detect the possible contamination of the comparison group.
A benchmark survey has been run during 2009 fall collecting information on the students' socioeconomic background and a competence-based test to measure literacy and numeracy of all students included in the study to check the degree of comparability of treatment and comparison groups. Table 1 presents the results. 6 The average score is marginally higher in the treated classes both for literacy and for numeracy. After conditioning on the observable socio-economic background of the student these differences decrease (see below). Note also that both treated and control classes feature an average score much larger than the national average score confirming that schools included in Cl@ssi 2.0 are by no means representative of the population of Italian schools. * There are less control than treated classes because in three schools there was no other class than the treated one while in one school there were two treated classes to whom we chose to match just one control class.
The same classes were re-tested three years later at the end of grade 8 to collect the information on students achievement needed to measure the causal effect of the program. The two tests are not anchored so that we cannot measure the value-added at the individual level. Apart from information on students achievement and on their socio-economic background, we were not provided any information on schools (in particular on pre-existing ICT endowment) and on teachers (teaching experience and qualifications).
The evaluation of the program included an implementation analysis made up of three main components:
1) Teachers in the treated classes have been required to compile three questionnaires -one per school year -on the teaching practices they introduced in their class following the introduction of new technologies and on their perceptions of the impact these new practices had on students (response rate: 80.1%, 64.1% and 69.9%, respectively). In addition, all teachers included in the study -either in a treated or in a control class -have been required to compile a questionnaire by the end of the third year on their level of qualification and familiarity with ICT (475 respondents out of a potential population of 1500 teachers -school coverage reaches 77.6%).
2) School principals were surveyed twice, on technology adoption and on teachers turnover in the classes included in the study (response rate: 48.1% in the first survey via e-mail: 99% in the second survey, based on phone calls from the Ministry).
3) One external experienced observer visited 40 schools in the period Dec. 2011-Jan. 2012 to provide a report on the context in which the program has been implemented, on the targets the schools identified at the outset and on the practices they were implementing. We also draw from his report to provide an interpretation of the main findings of the evaluation exercise (see Section 4.3) The information we recovered from these sources on teacher perceptions and practices are rich but irregular and dispersed so that they do not lend themselves to a formal impact evaluation (see table  2 ). This is why we restrict our analysis to the impact on learning achievements by comparing treated to control classes. Still, from the scattered information resulting from the implementation analysis we get three main messages:
i) as a matter of fact, the treatment had variable intensity due to delays in implementation. By March 2010 (first year) only 50% of the schools already started using newly acquired technologies.
The percentage rose to approximately 70% by the end of the first school year (June 2010) and to 90% by November 2010 (beginning of the second year). See figure 1. 1.00 09-09 10-09 11-09 12-09 01-10 02-10 03-10 04-10 05-10 06-10 09-10 10-10 11-10 12-10 01-11 02-11 03-11 04-11 05-11 06-11
ii) The vast majority of schools bought notebooks/tablet and interactive whiteboards, but we ignore the exact amount because the schools were not requested to produce any cash statement at the end of the project. Based on interviews we obtain the picture shown in table 3. Notice the large fraction of classes purchasing equipment related to documenting (camcorder and cameras) and image manipulation (scanner and projectors). Sounds and music were also conceived, though at a lower rate. Some schools located in socially deprived areas also bought specific safe cases for portable computer protection (and recharge). iii) Despite an explicit Ministry directive prohibiting the sharing of newly bought technical equipment with other classes in the school, at least in some schools there is evidence that ICT have been shared with other classes, including control classes. It should also be noted that to a degree this is unavoidable since only the home language teacher is dedicated to a specific class, while all other teachers teach in more than one class. In personal interviews some teachers defended their violation of the Ministerial rules, on behalf of students: "If I find a learning object that is effective in teaching, why should I refrain from using it within all other classes where I teach?". Sharing of technology may be reduced when schools were located in more than one building. 7 However the more problematic contamination is between treatment and control classes, which according to the interviews to school principals is limited to one out of ten cases (but is larger according to teachers' opinions -see table 4, noticing that the questions posed to teachers and school principals have a different coverage: teacher were asked about sharing new ICT among school classes, while school principals were restricted to answer about treated and control classes). As an implication both of the contamination problem and of the variable intensity of the treatment documented so far the effect of the program on students achievement detected by our evaluation design should be regarded as a lower bound estimate on the true impact. If contamination had not taken effect with control classes, the score differential would have been wider. Similarly, if all schools had bought the intended equipment from the very beginning of the school year, the treatment would have extended over a longer period, and could have been potentially more effective.
9 4. The analysis of the data from the quasi-experiment
On the comparability of the treatment and control groups
To begin with we check the degree of comparability of classes and students assigned to participate into the program to classes and students in the same schools included in the comparison group. We assess the degree of comparability as of November 2009, i.e. at the beginning of the program. Table  5 presents the results of regressing the binary treatment status on observable characteristics of the student and of her family. Column 1 contains a linear probability regression including only information on the students collected from the school register. 8 Columns 2 and 3 add sets of observable characteristics of the student family reported by the student herself at the benchmark survey. 9 Overall, there seems to be no systematic difference between the two groups of classes with respect to the observable characteristics of the students (except for a marginally significant difference with respect to age). 0.00 0.00 0.00 robust standard errors clustered at school level -constant and regional controls included * significant at 10%; ** significant at 5%; *** significant at 1% Table 6 presents the results of comparing treated classes to control ones with respect to the student degree of literacy (columns 1-3) and numeracy (columns 4-6) as of November 2009 at the benchmark survey. 10 Clear -even if small -differences emerge between the two groups. Classes included in the treatment group perform marginally better (8-9% of a standard deviation) than the other classes, both in literacy and numeracy domains, and the differences do not vanish adding in additional control variables and the school fixed-effects. We shall account for these differences in the estimation of the impact of the program by including the test scores at the benchmark survey as a control variable.
The other evidence from Table 6 are in line with standard results in this literature: worse performers are to be found among foreign born students, students speaking dialect or foreign language at home, students with less educated parents and/or fewer educational resources at home, students with a single parent and/or many siblings, students with a working mother. A key step to implement the estimation of the impact of the program is the linkage of the student records at the benchmark survey to the corresponding records resulting from the achievement test 11 by the end of the 8 th grade. Due to a change in the privacy protection policy 11 the linkage did not succeed for approximately one third of the students included in the original sample. This is due to problems both at the class and at the student level. Closure of some schools (or merger with other schools) are responsible for the loss of track for approximately 10% of the classes included in the original sample. Migrations of students and failures of some of them added some additional loss of track. Overall, we are left with 134 schools out of the original 156 in which both the treated and the control classes are available in the final sample, i.e. with information both at the 6 th and at the 8 th grade. 12 Table 8 provides some evidence on the attrition process. Results from regressing the binary variable 'still in the sample by grade 8 th ' on students' characteristics collected at grade 6 th show that controlling for schools fixed-effect, gender, age, students cohabiting with both parents students with higher score at the benchmark survey are less likely to attrite away. This last effect is almost by construction, since good students are less likely to be failed. Note however that the treatment status does not produce any differential effect of initial competences on the probability of continuing in the sample (see the interaction added in column 6). 0.06 0.07 0.11 0.11 0.50 0.50 robust standard errors clustered at school level -constant and regional controls included * significant at 10%; ** significant at 5%; *** significant at 1%
Eventually, our working sample for the estimation of the impact on students' achievement of Cl@asse 2.0 is made up of 4487 students belonging to either the treatment or the control class in 134 schools. Tab. 9 presents summary statistics by treatment status. The test score is the number of correct answers over 100 questions.
Note that starting with the school year 2011-2012 test scores provided by INVALSI in their public use files are rescaled by the factor [1−probability of cheating] where probability of cheating is determined at the class -not at the individual! -level according to an INVALSI protocol. 13 In Tab.9 we refer to the original data, not to those corrected for cheating. 
The impact of Cl@ssi 2.0 on student achievement
Figures 2 and 3 present the distribution of the literacy and numeracy score, respectively, for students in the control and treatment classes. They also illustrate the difference between the original scores and the scores corrected by INVALSI to account for cheating.
Tables 10 and 11 present estimates for the average causal effect of the program from alternative specifications of the regression equation. The main difference between the two sets of results depends on the use we make of the information on cheating. In Table 10 we make use of the observed individual test scores and control for the estimated probability of cheating at the class level while in Table 11 we make use of the individual test scores as corrected by INVALSI to account for cheating. The correction -instead of the control -for cheating turns out to matter while the choice of the other control variables included in the regression (as well as controlling or not for school fixed effects) do not affect the main conclusion one can draw from the exercise. While using the original test score controlling for cheating the average impact is zero both for literacy and for numeracy (there is only a modest, marginally significant positive effect on numeracy for children of college graduate parents), when using the test score corrected for cheating a statistically significant average effect emerges on literacy in the range 2.0 to 3.5 points (i.e. correct answers) for children of uneducated parents (the coefficient on the interaction between the treatment status and the dummy for college graduate parents nearly offsets the main coefficient).
Conversely, no effect can be found for numeracy. These results are nearly unaffected by the inclusion in the regression of additional control variables and of school fixed effects. As for the coefficient on the test score at grade 6 it is around 0.5. In the literature the coefficient for the test score lagged one year is typically found between 0.7 and 0.8. Since in our case the test score is lagged twice the reference value falls in the range 0.49 to 0.64 in line with the value we find.
As a check on these results we replicated the analysis on class averages. The basic results of these additional regressions are in line with those here above (see tables A.3 and A.4 in the appendix).
While there is almost no effect when original test scores are considered, we find some positive effect for treatment in literacy for corrected test scores, even if this effect is attenuated in classes where the share of children from college educated parents is higher (the effect is even reversed when the share of college educated parents exceeds 41%, which corresponds to the 7 th decile in the class distribution, the median being 28%). This is indication of potential heterogeneity of the effect of the treatment that we are going to address in the next steps. Table 12 presents results for a regression in which the treatment status is interacted with the ranking of the students in the distribution of the score at the benchmark survey (beginning of grade 6 th ). As for the difference between using original vs corrected scores the overall evidence is in line with the previous findings. The news here are that the average positive impact of the program on literacy score detected by the regressions in Table 11 is driven by its causal effect on the bottom tail of the distribution (1 st decile) while the other part of the distribution are nearly unaffected. Results in Table 12 confirm that this causal effect is confined to children of uneducated parents. This is the only result consistent across all the specifications of the equation we considered. Apart from a few other significant estimates displaying no intelligible pattern, there is no other relevant evidence from this regression. The first six columns control for the extent of cheating, which is obviously correlated with the original test scores.
As a further check on the heterogeneity of the causal effect over the distribution of the outcome we run a set of quantile regressions but here we do not find results consistent across the two specifications we considered (controlling vs correcting for cheating -see tables A.5 and A.6 in the appendix). Outlier students are defined as those with a score smaller than 10 * significant at 10%; ** significant at 5%; *** significant at 1% Outlier students are defined as those with a score smaller than 10 * significant at 10%; ** significant at 5%; *** significant at 1% robust standard errors clustered at school level -constant and regional controls included * significant at 10%; ** significant at 5%; *** significant at 1%
Discussion
In this section we discuss a couple of methodological choices we made to evaluate the program and the main results emerging from the analysis.
On designing the impact evaluation we chose to select control classes in the same schools included in the program instead of choosing them in other schools. The trade-off is the one described in section 2: our design is at risk of contamination, the alternative one is at risk of selection bias. Overall, we still believe the choice we made is preferable. First of all because unless random assignment is feasible it is hard to control for across school differences based on the available information. Secondly, while it is hard to speculate on the sign of the bias due to selection it is intuitive that contamination induces a downward bias in the estimated causal effect. In the end, we believe that our estimate is a credible lower bound on the causal effect of Cl@ssi 2.0. Moreover, given the evidence in Table 4 on the size of the contamination problem, we believe the downward bias in our estimates should not be particularly large.
However, it should be clear to anyone willing to replicate our design that careful monitoring on the field enforcement of the rule -excluding the control class from the use of the ICT assigned to the treatment class -is essential to the validity of the design.
The second issue is about the choice of the test score measure. If we are to use the official test score measure provided by the Ministerial agency (Invalsi) we find a small statistically significant positive effect of ICT on student achievements, especially for children from uneducated parents, who are also likely to be at the bottom of the initial distribution of ability. These effects are still visible -albeit smaller 14 -in the original test score measure. The algorithm used by Invalsi to predict potential cheating affect the distribution of test scores by compressing it towards the bottom (Angrist et al. 2014) . 15 In both cases, what matters is that the ICT impact on learning is low -and confined to the literacy score only for pupils in the bottom tail of the distribution -under both alternative measures, and this works against the effectiveness of money spent in equipments.
As for the substantive results, two main findings emerge forcefully: the impact of the program on student achievement as measured by the test scores in literacy and numeracy -if any -is confined to the bottom tail of the distribution and to the literacy score. There is no sign of an impact on the numeracy score and on the distribution of the literacy score away from the lower tail. A possible interpretation of these findings is in the report by the external observer who visited 40 Cl@ssi 2.0 schools during the last year of the program (Dec. 2011 -Jan. 2012). He had access to all the documents, whether official or for internal use, produced by the schools to implement the program; he met the principals of the schools and all the teachers involved in the program discussing in depth with them on what they did, on what they have seen happening in the class, on what they perceived as the impact of the program on students behaviour and achievement; finally, he visited all the treated classes during a regular teaching hour. The result of his work is in a detailed report (in Italian, available on request).
There is a bunch of summary statements in the report providing clues to interpret our findings. First of all, the observed degree of cooperation between students in the Cl@ssi 2.0 is much stronger than in the standard classes: this is likely to result in a net gain for the weakest part of the class (disabled, immigrant and other weaker students). The external observer noted that the trigger activating this cooperation might have been a stronger commitment on the students side to perform 'a good job' along with the awareness that when the task is rather complex doing a good job requires a great deal of cooperation between all those involved.
All Cl@ssi 2.0 teachers stress that what they did with disabled students would not have been possible in a standard class. There is also a widespread agreement on judging Cl@ssi 2.0 as a powerful tool to the integration of foreign students. Finally, teachers' perception of the benefit stemming from the program is particularly strong in schools located in socially deprived areas.
According to the interviews to the teachers in the treated classes, the ICT available to the Cl@ssi 2.0 is an extremely powerful tool to enhance the effectiveness of the traditional way of teaching, for it allows integrating together words, images, sounds in a stable reservoir easily and readily available to all students. Again, the weakest part of the class is likely to benefit the most from this since better students would be able to find their way to learning even in the standard scenario possibly exploiting the resources they have available at home.
To exploit the potential of ICT enhanced teaching requires more intense interactions between teachers and students as compared to standard teaching practices. This may explain why there is some evidence of a significant -albeit small -impact on literacy and not in numeracy: in the Italian junior high school teachers of Language and Literature spend 12 hours per week in the same class (not to say that in most instances they are also in charge of teaching History and Geography) as compared to teachers of Math and Science, who typically spend 4 hours per week.
Concluding remarks
This paper represents one of the first counterfactual evaluation of the effect of ICT resources at school on student achievements conducted in Italy. Despite the huge investment of resources (in the order of 1500 Euros per student over a three year period), results are almost negligible. Even if we take the most encouraging results (see columns 3 or 4 of table 11), the average improvement associated to the programme would be 3 test points, corresponding to 17% of a standard deviation. Any cost-benefit evaluation would question the effectiveness of a programme costing 10.000 Euros for each test point of improvement.
We have suggested that this represents a lower bound estimates of the real effect, given the potential contamination between treatment and control classes. But the available evidence points to a low degree of contamination hence to a small negative bias -if any -in our estimate. Our estimates have also to confront with the problem of cheating, since they are statistically more significant when we make reference to test scores corrected for cheating which is likely due to the collateral evidence we have that treated classes are less likely to cheat.
Overall this leaves open the issue why interviewed teachers are strongly convinced of the positive effect of ICT adoption, while recorded impact on achievement is at best weak. One possible interpretation is that teachers possess a wider and more complex view on students engagement in learning activity. This would require additional long-run outcomes. One should explore the consequence of being exposed to ICT on the following years outcomes, where conditional on passing the final exam concluding lower secondary (licenza media) students have to choose among three alternative tracks: academic, technical or vocational. We intend to proceed in this line of research, collecting further information of subsequent step of their careers. 
